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cytoplasmic domains. Current views hold that most of In addition to its interaction at hypothalamic sites the Ob-R short isoforms are incapable of mediating a to affect feeding and energy expenditure, leptin has leptin signal. In db/db mice, the cytoplasmic region of been shown to exhibit a proliferative response in the Ob-Rb is truncated due to a mutation resulting in erythropoietic cells. The functional leptin receptor is an alternative splice donor site (4) . The db/db mice also present in pancreatic islets and we now demon-manifest impaired insulin secretion, diabetes and strate that a commonly used clonal insulin secreting changes in pancreatic islet morphology. Depending on b-cell line, RINm5F, expresses high levels of the Ob-the background on which the db gene is expressed, The clonal insulin-secreting RINm5F cell line, derived from radiation-induced rat insulinoma (13) , is a commonly used insulin-secreting cell line for studies of The obese (ob) gene product, leptin, is a cytokine bepancreatic islet cell biology, including islet growth and longing to the long chain helical cytokine family that apoptosis (14). In the present study, we demonstrate includes for example IL-6, IL-1 and granulocyte colonythat RINm5F cells express high levels of the full length stimulating factor (1). Leptin, secreted exclusively from Ob-Rb mRNA and that leptin induces tyrosine phosfat cells, plays a major role in neuroendocrine regulaphorylation of several proteins leading to a marked tion of the body's fat cell mass and energy homeostasis increase in expression of the immediate-early gene, c-(2). Lack of functional leptin or resistance to its action fos. This precedes a cytokine-like proliferative response causes obesity, accompanied by disorders of insulin sein these cells as measured by increased DNA synthesis. cretion and hyperglycaemia in several rodent phenotypes (3). The leptin receptor (Ob-R) is expressed as MATERIALS AND METHODS multiple spliced isoforms that possess a common extracellular domain but differ in the length of their cytoCell culture. RINm5F cells (ATCC; Rockville, USA) were mainplasmic domains (4, 5) . The Ob-Rb isoform has a long tained in culture in RPMI 1640 medium supplemented with foetal cytoplasmic region, is highly expressed in the hypothal-bovine serum (FBS) (10% v/v), penicillin (100 U/ml) and streptomycin amus and interacts with the Jak/STAT pathway (6).
(100 mg/ml) at 37ЊC in a humidified 5% CO 2 /air cabinet. Cells were passaged once a week and cells from the passage numbers between
In addition to hypothalamus, many other tissues ex-30 and 45 were used for the proliferation assay. Culture components press Ob-R, in particular receptor isoforms with short were purchased from Life Technologies (Gibco/BRL).
Cell proliferation assay. Cell proliferation was studied by measuring [methyl-added in the presence of recombinant mouse leptin (Amgen Inc., USA), 10% FBS or in RPMI 1640 without supplement. After 24 hours labelling with [ 3 H]-thymidine, the incubation medium was removed and the cells washed twice. Cells were then disrupted with 1% SDS, precipitated with ice-cold 10% trichloroacetic acid (TCA) and pelleted by centrifugation. The radioactivity incorporated was measured by scintillation counting after addition of Unisolve. Radioactivity is expressed as cpm per well. In each experiment 2-5 measurements were performed for each conditions and data are presented as mean{ standard error of the mean (S.E.M.).
Leptin-receptor mRNA and c-fos mRNA expression. Total RNA (Ç40mg) was isolated using RNaid plus kit (BIO 101, Inc. USA) and treated immediately with DNase I (Gibco/BRL, UK), and cDNA synthesized with Superscript II reverse transcriptase (RT) (Gibco/BRL, UK) and oligo (dT) 18 . Primers used for standard PCR amplification of the common extracellular domain of Ob-R (465bp; 275-740; GenBank U60151) were, 5-GGAATGAGCAAGGTCAAAAC-2 (sense), 5-GTGACTTCCATACGCAAACC-3 (antisense), and for the Ob-Rb isoform (399bp; 2761-3160; GenBank U60151), 5-AGTGTCGATACA-GCTTGG-3 (sense), 5-CTGAGAATGAAAGTTGTGG-3 (antisense). PCR products were then cloned into a pCR-TRAP cloning system (GeneHunter Corp., USA) and their identity confirmed by sequencing using ThermoSequenase terminator cycle sequencing kit (Amersham Life Sciences, UK). The ratio of long form Ob-Rb transcript to that of the total common Ob-R transcript was determined using RNase protection assay. Here, riboprobes (cRNA) were labelled with digoxygenin-UTP (Boehringer Mannheim, Germany) as directed by the manufacturer. Hybridization was performed in 80% formamide buffer overnight at 45ЊC, then RNA was digested with a cocktail of RNaseT1 and RNaseA. Proteinase K was then added and the protected RNA extracted with phenol:chloroform (1:1) and ethanol precipitated. Protected fragments were resolved on 1.5% agarose gel and then transferred to Hybond N / membranes (Amersham, UK) for detection. A polyclonal antibody conjugate to alkaline phosphatase (Boehringer Mannheim, Germany) was used to detect digoxygenin-labelled hybrids together with the chemiluminescent substrate CDP-Star (Tropix, USA). RINm5F cells were pre-incubated in serumfree RPMI-1640 for 24 hours and then exposed to leptin (Peprotech, branes by electrotransfer. The membrane was blocked in 2.5% BSA, 10mM Tris, pH 7.4, 100mM NaCl, 0.1% Tween 20 and tyrosine phosdine incorporation. At a concentration of 10nM leptin, phorylation detected by RC20H antibody fragment (Transduction a small increase of proliferation was observed which Labs., USA). Bands were visualized using an ECL kit (Amersham, did not reach statistical significance. Significant stimu-UK) according to manufacturers guidelines. lation occurred at concentrations of 100 and 200nM (pÅ0.018, and 0.011 respectively, nÅ4). The increase RESULTS in thymidine incorporation stimulated by 200nM leptin was 24-119% (median 49%) over that obtained in controls i.e. in absence of FBS and no other additions The effect of leptin on RINm5F cell proliferation was determined by measuring changes in the rate of DNA (Fig.1B) . For comparison, the increase in thymidine Ethidium bromide staining of agarose gels detecting the common Ob-R and the long form Ob-Rb mRNA. The PCR products were cloned and sequenced to confirm their identity. B. RNase protection assay using cRNA probes specific for either the common extracellular domain of Ob-R or the long cytoplasmic domain of the Ob-Rb were used in hybridization with total RNA from RINm5F cells. Top panel: specificity of the cRNA probes and capacity of the endonuclease digestion system is tested (samples spotted on membranes). Lower panel: protected fragments fractionated in a 1.5% agarose gels together with -RNA control. A 18S cRNA probe was used to correct for loading differences (data no shown).
incorporation stimulated by 10% FBS was 34-122% Ob-R extracellular domain transcript was found to be 24{3.8% (ratio; 0.24{0.04, nÅ3). (median 117%) over basal. In five experiments, the increase in proliferation of RINm5F cells induced by Leptin mediated tyrosine phosphorylation of intracellular protein and the response of the immediate200nM leptin varied between 1.24-to 2.19-fold (1.5{0.17-fold, mean{S.E.M., nÅ5), as compared to early gene c-fos were studied as a criterion for functional leptin signalling. We found a time-dependent proliferation in the absence of both leptin and FBS (Fig.  1C) . Under similar conditions, the increase in prolifera-increase in tyrosine phosphorylation of a number of proteins (Fig 3A) . These included increased phosphorytion by 10% FBS ranged from 1.34-to 2.22-fold (1.9{0.16-fold, nÅ5) (Fig. 1C) . Leptin (200nM) did not lation of bands present in the untreated control (pp130 and pp60) and the appearance of new bands (pp90, induce proliferation in Swiss 3T3 cells (data not shown).
pp85 and pp42). This increase was apparent within 2 minutes of exposure, peaked at 5 minutes and fell back We studied the expression of the common extracellular domain of Ob-R, and the long cytoplasmic domain to basal within 10 minutes. Next, a specific functional nuclear response was observed by northern blot analyof the Ob-Rb in RINm5F cells. The RNA was probed for the expression of the long Ob-Rb transcript isoform sis of c-fos mRNA expression. RINm5F cells incubated with leptin for 30 minutes showed a dose-related inand the common extracellular domain of the Ob-R transcript. Expression of Ob-Rb mRNA was readily de-crease in c-fos transcript levels at 10nM that became significant at 100nM and was marked (16 fold increase) tected by both RT-PCR ( Fig. 2A) and RNase protection assay (Fig. 2B) , however the transcript of the shorter at 200nM (Fig. 3B) . isoforms predominate. All PCR products and probes were sequenced to confirm identity and found to share DISCUSSION complete nucleotide identity to the reported rat Ob-R cDNA (GenBank U60151). The relative percentage
We have previously shown that mouse and rat pancreatic islets express the functional leptin receptor (Obfraction of the Ob-Rb transcript to that of the total mRNA to that of the total Ob-R mRNA was abundant or 24{3.8%, as measured by the RNase protection assay. This is the highest relative abundance of the full length Ob-Rb transcript in peripheral tissues or related cell lines, reported to date (see ref. 17 
for comparison).
We show that leptin increases tyrosine phosphorylation of a number of proteins with maximal activation observed after 5 minutes. Although the identity of the bands has not been confirmed in this study their approximate sizes correlate well to several proteins which have been implicated in leptin receptor signalling by other workers (6, 17) , thus, pp130 and pp85-90 may represent the Jak/STAT family. It is also possible that pp42 and pp45 may represent MAP kinase family members. The identity of the pp60 protein which undergoes a marked increase in tyrosine phosphorylation is unknown, however, there is evidence that this protein is also appreciably activated by leptin in isolated islets of Langerhans of ob/ob mice after leptin treatment (18) .
In this study, leptin is found to cause a concentration-dependent increase in [
3 H]-thymidine incorporation into serum-deprived RINm5F cells. Proliferation of cells induced by leptin is not a widely occurring phenomenon and has so far been reported only in hematopoietic cell types (19, 20) . We believe that the proliferative response to leptin is mediated through Ob-Rb. The significance of the proliferative response to leptin in this tumour cell line needs to be carefully considered. The requirement for somewhat high concentrations of leptin for demonstrating proliferative response could be explained by the potential ability of leptin to down-regulate its own receptor (21). Moreover, leptin is normally present in serum, thus the cells during cultivation have been exposed to leptin continuously. We have observed that RINm5F cells which are not pre-incubated in the absence of FBS show no significant changes in either crude cellular tyrosine phosphorylation or induction of c-fos mRNA at concentrations of 100nM leptin (data not shown). To date, receptor binding assays (22) and identification of Ob-Rb mRNA in insulin-secreting cells (15, 16 and the present study), the effects of eration. However, the effect of leptin on b-cells may be complex depending on the context in which stimulation by the hormone takes place and the stages in the develRb) and that leptin mediates a dose dependent inhibition of insulin secretion in these systems (15, 16) . We opment of these cells. Our previous work was the first to demonstrate an inhibitory effect of leptin on glucosenow demonstrate that Ob-Rb mRNA is readily detected in an immature b-cell model, the rat-insulinoma de-stimulated insulin secretion in mature ob/ob islets (15) .
A proliferative effect on b-cells might result from rived RINm5F cell, however the shorter transcript isoforms predominate. Here, expression level of Ob-Rb chronic stimulation by leptin and may be relevant at
